Ionization Studies of Nitrogen & Nitrogen-Sulfur Hexaflouride Mixtures by Fallahi, Amir
Western Kentucky University
TopSCHOLAR®
Masters Theses & Specialist Projects Graduate School
8-1978




Follow this and additional works at: https://digitalcommons.wku.edu/theses
Part of the Physics Commons
This Thesis is brought to you for free and open access by TopSCHOLAR®. It has been accepted for inclusion in Masters Theses & Specialist Projects by
an authorized administrator of TopSCHOLAR®. For more information, please contact topscholar@wku.edu.
Recommended Citation




















AUTHORIZATION FOR USE OF THESIS
Permission is hereby
El granted to the West
ern Kentucky University Library to
make, or allow to be made photocopies, microfilm or other
copies of this thesis for appropriate research or scholarly
purposes.
reserved to the author for the making of any copies of this




Please place an 'X" in the appropriate box.
-
This form will be filed with the original of the thesis and will control
future use of the thesis.
TABLE OF CONTENTS
I. Introduction  1
II. Theory and Purpose  6
III. Experimental Methods  9
IV. Data and Results  18
V. Analysis of Data  33




1. Parallel plate geometry  10
2. Schematic diagram of experimental apparatus  11




4. Electrometer control circuit













7. W versus percent C3H6* in SF
6 
and N • mixtures .  22


































12. W value versus pressure for mixtures of propylene,
acetylene, sulfur hexafluoride and nitrogen  31
13. W value versus Zij for acetylene in mixtures of
nitrogen and sulfur hexafluoride  41
14. W value versus Zij for ethylene in mixtures of
nitrogen and sulfur hexafluoride  42
15. W value versus Z.. for cyclopropane in mixtures of
nitrogen and sulHr hexafluoride  43
16. W value versus Zij for ethane in mixtures of
nitrogen and sulfur hexafluoride  44
17. W value versus Zj, for propane in mixtures of
nitrogen and sulfdr hexafluoride  45
18. W value versus Zij for propylene in mixtures of






Specification of gases used 
Page
13
1. W values and ionization potentials for gases used 20
3. W versus percent of impurities in mixtures of
pure N2 27
A






5. W versus percent of impurities in mixtures of
95% N and 5% SF6 
29
6. W versus pressure for some chosen mixtures . 32
7. Wm versus Zij for mixtures of acetylere   35
8. Wm 
versus Zi4 for mixtures of cyclopropane . . . 36
9. Wm 
versus Zij for mixtures of ethane 37
10. Wm versus Zij for mixtures of ethylene 38
11. W
m 
versus Z. for mixtures of propane ij
39
11. W versus Z. . for mixtures of propylene 
rn 1]
40
IONIZATION STUDIES OF NITROGEN
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Ionization measurements as a function of concentration
and pressure have been made in nitrogen and nitrogen-sulfur
hexafluoride gas mixtures containing either cyclopropane,
ethylene, propylene, acetylene, ethane, or
impurity. These studies have been made to







nitrogen-sulfur hexafluoride laser systems. Impurity gases
were chosen on the basis of their ionization potentials




state in nitrogen that is responsible
for the lasing action. Analysis of the data indicated that
a Jesse effect exists for those impurity gases whose




and that the effect is enhanced by the addition of SF6. The
ionization was found to be dependent on pressure for mixtures
containing SF6.
I. Introduction
Since 1950 there have been numerous studies on the
interaction of charged particles with matter. Much research
has been performed to increase our basic understandina, and
recently with the growth of laser development, there has
been a renewed interest in both theoretical and experimental
investigations. Historically, ionization measurements were
first necessary for the understanding and development of
radiation instruments such as uas proportional counters.
In addition to ionization measurements, studies were made on
th2 emission and quenching of light to explain the quenching
mechanism responsible for the operation of an organic filled
Geiger-Mueller tube.
As information was gathered for the development and
understanding of radiation instruments it became apparent
that the interaction of charged particles with matter and
the subsequent dissemination of the energy deposited by the
primary interactions was not simple. Energy pathways
research was undertaken to learn how energy deposited in
various excited states could further interact with other gas
atoms to form molecules and to cause further ionization.
Information on energy pathways was learned by studies of
spectroscopy, absolute intensity measurements, time-resolved
spectroscopy, ionization measurements, and more recently by
2
resonance ionization spectroscopy measurements. Spectro-
scopic measurements in the vacuum ultraviolet region of the
spectrum were made on the interaction of protons with the
argon atom, by Hurst, Bortner, and Strickler.' Further
spectroscopic studies on other noble gases were made by
?
Stewart, Hurst, Bortner, Parks, Martin, and Weidner. These
measurements were made as a function of pressure and helped
yield such information as the atomic precursors responsible
for the 1300 A continuum in argon. Further spectroscopic
measurements were made by Weidner
3 
with the addition of
impurity atoms to quench the light and the studies were made
as a function of concentration and pressure. Absolute
intensity measurements were made by Hurst, Stewart, and
Parks
4 
to determine the fractions of the total energy going
into various excited states and this was compared to that
fraction of the energy needed to form ions. Lifetimes of
trapped resonance radiation were measured by several experi-
menters ,,- to determine the atomic precursors of various
continua observed in the VUV spectra of the noble gases.
The time resolved measurements were made as a function of
pressure and as a function of the concentration of impurities
which were added to the pure gases.
Resonance ionization spectroscopy is a new method for
determining the number of excited states formed by the
primary interaction of a charged particle with matter. In
this method a high energy pulsed dye laser is used to
selectively promote all atoms of a particular excited state
3
to another excited state by a resonance transition. The
atom is then ionized by the absorption of one or more
additional photons. By varying the time between the
formation of the excited states and their detection, the
time behavior of these excited states can be studied. This
new method developed by Hurst and his co-workers
9,10 
has
been used to study the helium atom.
Ionization measurements for energy pathways research
are performed by measuring the W value of a gas or gas mixture
If a charged particle possessing kinetic energy E passes
through a gas and produces N ion pairs, and if the particle
is completely stopped, then the energy lost per ion pair,
E/N, is called the W value of the gas for that particular
particle. The W values range from 20 to 46 eV, about twice
the ionization potential.
The difference between the ionization potentials and
W values indicates that a larae amount of the energy of the
charged particle goes into nonionizing excitation of the
1
atoms or molecules. Jesse and Sadauskis
1 
in their work in
1952 on He and Ne discovered that when a small trace of
argon was present in either gas there were large increases
in ionization. This effect is now referred to as the "Jesse
Effect" after William P. Jesse, and is observed in mixtures
of gases when the ionization potential of an impurity gas is
less than a heavily populated state of the primary gas. In
order to explain this effect in helium and neon, Jesse
suggested that when an excited state of a primary gas has
4
more energy than the ionization potential of an impurity
aas, it is possible for the energy of the excited state to
be transferred to the impurity atom and ionize it. This
would create an argon ion and there would be a free electron
to carry the excess energy off in the form of kinetic energy.
This process can be represented as
He*+ Ar He + Ar
+ 
+e (1)
It has also been found that when neon is used as an
impurity in helium, there is not any significant change in
ionization which according to Jesse's explanation is due to
the fact that the ionization potential for neon (21.5 eV) is




did a similar study of mixtures of
oxygen and carbon dioxide with argon and observed similar
results. However, these results could not be explained by
Jesse's theory since the ionization potentials of 02 and CO2
are larger than the energy levels of the known metastable
state of argon.
In 1963 Bortner, Hurst, Edmundson, and Parks
13 
studied
a number of argon mixtures and concluded that some resonance
excited states in argon might be responsible for the Jesse
effect. In order to explain the behavior of argon mixtures
they suggested that there might be two or more excited
states involved and the long lived excited resonance state
of argon is responsible for the Jesse effect. Besides the
D
Jesse effect, it is observed that the W value of a mixture
of two gases depends on the concentration of the (gases and
varies continuously between the W values of each gas.
More recently, measurements of W values and ionization
have been performed for energy pathways research on the
interaction of protons with the noble gases. These measure-
ments by Parks, Hurst, Stewart, and Weidner
14 
utilized a new
technique for measuring ionization as a function of pressure
and concentration. All the information from these different
types of energy pathways research has been used to formulate
comprehensive models to explain energy pathways for charged
particles interacting with matter.
II. Theory and Purpose
The objective of this research is to measure the
ionization created by alpha particles in gas mixtures,
mainly mixtures of N2 with selected gases, and to study the
effect of the addition of SP
6 
to the gases. The motivation
for this current investigation came about because of the
possible contributions these measurements could make to the
understanding of the gas kinetics involved in nitrogen and
nitrogen-sulfur hexafluoride laser systems. The results are
to be integrated with the light emission measurements made
at the Oak Ridge National Laboratory.
15
Nitrogen lasers have existed for several years and have
power outputs as high as a megawatt per pulse. In February,
1975, Willett and Litynski
16
 reported that the addition of
about 10% SF, doubled the output power of the nitrogen laser.
0
In order to optimize the operation of a N2-SF6 laser without
trial and error, the gas kinetics of the N2-SF6 system must
be known. The mechanism for SF6 enhancement of the output
o 
of the 3371 A nitrogen laser line is not known.
This model may be checked by performing the proposed
ionization work using N
2 
with some impurity gas such as
methane or acetylene. By using time-resolved-spectroscopy
. 15
techniques, Chen, Payne, Hurst, and Judish of the Oak








mixtures excited with a proton beam from
a pulsed Van de Graaff accelerator. The results from those
experiments have shown the same general increase in the
emission of 3371 A light that Willitt and Litynski reported.
In addition Chen et al.
15 
found the decay frequency of 3371 A
light to increase linearly with increasing pressures of
nitrogen. They also found that when SF6 
was added to N2
that the decay frequency of 3371 A light increased linearly
with SF pressure and that the quenching rate increased by
6
a factor of two. Rased on these results, the ORNL group has
proposed a model involvina an intermediate state of N2 
to
explain the enhancement observed in the N2 laser. However,
this model is inconclusive and needs further data to support
it.
The model that has been proposed by the group at ORNL15
is as follows. The laser light from the 3371 line in
ritrogen comes from the N2(C3) state making a transiti
on
to the N2(B3-g) state. It is postulated that the N2(C3-u
)
state is further populated by some unknown state lying above












The proposed model further postulates a competing mechanism
whereby this unknown state may be depopulated by collisions
with other nitrogen molecules. This competing mechanism may
be represented by
N2* + N2(X) N1** + N2(X) + hY (3)
S
According to this process, when the nitrogen pressure is
reduced, the probability for depopulation is reduced.
Without this competing mechanism the energy of the C state







It would seem that such a competing mechanism as repre-
sented by Equation (3) would be easy to verify. However, sear-
ches for the emission of light that could come from such a
process have proven fruitless and, light emission from plaus-
ible transitions that could provide the verification needed
are not easily observed because the light from these transi-
tions would be expected to be in a wavelength range arouna
1900 A. This region of the spectrum is a difficult region in
which to make spectroscopic observations, since photodetector
efficiencies are so low in this region of the spectrum.
The purpose of this work is to make ionization measure-
ments that would support or suggest further refinement to this
proposed model. The availability of energy required for the
processes represented by Equations (2) and (3) may be checked
by judiciously choosing impurity gases whose ionization
potentials lie above and below the C37
u 
state of nitrogen and
the unknown state feeding this state. A Jesse effect occur-
ing out of these states could indicate the amount of energy
available for these processes. A slight Jesse effect in N.,
has been reported by Strickler
17 
and ionization measurements




with an impurity would help provide
more data to gain insight into the light intensity enhancement
of the nitrogen laser with the addition of SF6.
TIT. Experimental Methods
In this experiment W values were measured using a
parallel plate ionization chamber as shown in Figure 1. The
chamber was made of brass and was loaned to the Department of
Physics and Astronomy, Western Kentucky University by the
Chemical Physics Section of the Health and Safety Research
Division of the Oak Ridge National Laboratory. Ports were
provided in the chamber for gas input lines, vacuum lines,
and a pressure gauge. The positive high voltage was supplied
to the high voltage electrode through a high voltage ceramic
feedthru at the bottom of the chamber. The diameter of the
high voltage plate was 17.7 cm and was insulated from the
chamber by insulators made of Kel-F plastic. The alpha source
was placed in the center of the high voltage plate in a
recessed hole.
The collecting plate was 17.8 cm in diameter and was
held in place with insulators attached to a guard ring. The
guard ring rested on an offset in the chamber at ground
potential. Ionization current was collected on the collector
plate and conducted to the outside through another ceramic
insulated connector.
The vacuum system is shown schematically in Figure 2
and consisted of a roughing pump, a diffusion pump and a
forepump. The roughing pump was a Sargent-Welch Model 1400
Figure 1: Parallel Plate Geometry



















Figure 2: Schematic Diagram of Experimental Apparatus.
12
and was used to evacuate the chamber to a pressure of
about 0.2 torr. The diffusion pump and forepump were used
to reduce the pressure further to 1.8 x 10
-5 
torr. The
diffusion pump was a 2 inch Consolidated Vacuum Corporation
type PMCS-2C pump and the forepump was a Sargent-Welch Model
1405. The diffusion pump was cooled with water and was used
with a water cooled chevron baffle to prevent back-diffusion
of the pump oil. The diffusion pump was connected to the
chamber by a 2" i.d. brass connecting tube and a 2" gate
valve. A thermocouple gauge and ionization gauge were
connected to this tube to monitor the vacuum. The ionization
gauge was a Consolidated vacuum corporation type GIC-110B,
with a type GIC-017-2 ionization tube. A Hastings Model VT-6
thermocouple gauge was used to measure the rough vacuum, .01
to 1.0 torr. All of the partial pressures of the gas mixtures
were measured using a MKS Baratron Type 220-2-A-1000
capacitance manometer. The capacitance manometer had a range
of 0-1000 torr and an accuracy of .0.5%. The output of the
capacitance manometer was 0-10 volts and was measured with a
Keithley Model 616 digital voltmeter. All except the
pressure dependent studies were made at 400 torr. The
primary gases used were nitrogen and mixtures of nitrogen and
sulfur hexafluoride. The secondary or impurity gases used
are listed in Table 1 along with their specifications.
The mixing of gases and the determination of the
concentration of the impurity as in the primary gas were
TABLE 1













made as follows: The system was pumped with the diffusion
pump over night to a pressure of 2x10-5 torr. The gate valve
was then closed to separate the chamber from the rest of the
system s and 400 torr of impurity gas was put in the chamber.
Ionization in the chamber was created by alpha particles
emitted from a plutonium-239 radioactive source located in
the middle of the high voltage plate. The source strength
was measured to be approximately 8x10
6 
cpm and typically
created enough ionization to charge the charge collecting
capacitor of 0.1089x10
-6 
farads to a voltage of 3 volts in
about 100 seconds. A saturation curve was then obtained for
this gas. Typical saturation curves are shown in Figure 3.
The roughing pump was then used to reduce the pressure and at
that point the primary gas was added to bring the total pres-
sure back to 400 torr. The concentrations were determined
from the partial pressure measurements.
A Fluke Model 4088 6kV power supply provided the positive
voltage applied to the high voltage plate of the ionization
chamber. The charge was collected on a 0.1089_F integrating
capacitor and was measured with a Cary Model 401 vibrating
reed electrometer. The value of the charge collecting
capacitor was known to an accuracy of ..25% and the inherent
voltage measuring accuracy of the electrometer was .0.11.
Charge collection times were measured electronically with an
electrometer control circuit and a digital timer. Integration
times were approximately 100 seconds and were measured with

16
an ORTEC Model 431 scalar-timer. The digital timer had time
increments of 0.1 seconds and was controlled automatically
by the electrometer control circuit shown in Figure 4.
The use of this automatic electrometer control circuit and
the use of a digital volt meter to determine the gas pressures
provided very reproCucible measurements, good to better than
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Fiqurc 4: Scrwm,ttic diaqrni,)! electromt-ter control circuit.
IV. Data ,Ind Results
Impurity gases for this study were chosen on the basis
of their ionization potentials relative to the C
3
state of





nitrogen range from 11.18 eV to 11.9 eV and are shown in the
Grotian diagram of Figure 5. The W values determined for
the impurity gases used in this experiment are listed in
Table 2 along with their ionization potentials. It should be
mentioned that with the exception of the pressure dependent
studies all values in this work were measured with a potential
difference of 5000 volts and a total pressure of 400 torr.
The results of this work are compared with those of others
and the agreement is better than +11. The value for pure
SF
6 
differs by almost 10%, however, due to the high electro-
negativity of SF6 saturation was probably not achieved in
this experiment.
All W values measured in this experiment were made
relative to the accepted W value of nitrogen 36.6 eV. In
Figures 6 - 11, the W values are plotted as a function of
percent of impurity gas. The numerical results used to plot
the graphs are presented in Tables 3 - 5.
Data presented in the graphs reveal the fact that the
addition of more impurity gas leads to more regular and
slower changes in the W values. Also it is observed that a













Figure 5: Grotian diagram of nitrogen.
TABLE 2










































a) T.E. Bortner, G.F. Hurst, M. Edmanson, and J.E. Parks
ORNL (May, 1963).



























C) 5% SF6 
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Figure 11: W versus percent propylene in sulfur hexatluoride and nitrogen mixtures.














W VERSUS PERCENT OF IMPURITIES

























100 26.19 27.08 26.50 27.69 27.89 25.89
90 26.50 27.28 26.80 27.99 28.16 26.09
80 26.67 27.52 27.14 28.33 28.47 26.36
70 26.97 27.79 27.59 28.74 28.84 26.70
60 27.35 28.16 28.06 29.18 29.25 27.14
50 27.86 28.64 28.71 29.80 29.80 27.69
40 28.50 29.22 29.49 30.48 30.44 28.40
30 29.39 30.00 30.44 31.36 31.26 29.32
.20 30.68 31.14 31.74 32.62 32.36 30.65
10 32.72 32.93 33.61 34.18 33.88 32.65
8 33.30 33.40 34.08 34.56 34.25 33.16
6 33.98 33.91 34.59 34.97 34.70 33.78
5 --- --- --- --- ---
4 34.70 34.56 35.17 35.44 35.17 34.46
3 --- --- --- --- ---
2 35.51 35.38 35.82 35.95 35.75 33.31
1 35.99 36.26 36.06 35.85
0 36.60 36.60 36.26 36.06 35.85
TABLE 4
W VERSUS PERCENT OF IMPURITIES IN



























100 26.16 27.08 26.50 27.69 27.89 25.89
90 27.28 28.27 27.14 28.44 28.54 26.97
80 27.69 28.57 27.69 28.98 29.05 27.47
70 28.06 28.95 28.23 29.56 29.52 27.93
60 28.50 29.32 28.84 30.10 30.07 28.40
50 29.05 29.80 29.56 30.78 30.68 29.01
40 29.69 30.41 30.38 31.53 31.36 29.63
30 30.61 31.19 31.40 32.38 32.21 30.61
20 31.36 32.28 32.65 33.44 33.23 31.80
10 33.64 33.78 34.25 34.73 34.49 33.54
8 34.0P 33.98 34.59 35.04 34.73 33.98
6 34.59 34.32 35.04 35.38 35.10 34.46
5 34.87 --- --- --- 34.73
4 35.17 34.73 35.48 35.72 35.48 35.04
3 35.48 --- --- ---
2 35.82 35.31 35.99 36.09 35.89 35.68
1 36.19 --- 36.23 36.29 36.19 36.06
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100 26.16 27.08 26.50 27.69 27.89 25.89
90 26.91 27.86 26.94 28.16 28.30 26.74
80 27.21 28.13 27.38 28.61 26.71 27.11
70 27.55 28.37 27.86 29.01 29.12 27.42
60 27.93 28.67 28.37 29.49 29.59 27.79
50 28.37 29.12 28.95 30.04 30.10 28.27
40 28.99 29.63 29.69 30.72 30.72 28.88
30 29.83 30.38 30.68 31.50 31.53 29.76
20 31.02 31.43 31.94 32.59 32.55 30.99
10 32.99 33.06 33.67 34.01 33.91 32.82
8 33.47 33.50 34.12 34.39 34.25 33.30
6 34.08 33.98 34.56 34.76 34.66 33.84
5 34.36 --- --- --- --- 34.15
4 34.70 34.56 35.04 35.17 35.07 34.49
3 35.07 --- --- --- ---
2 35.48 35.24 35.61 35.68 35.58 35.24
1 35.92 --- 35.92 35.95 35.68
0 36.36 35.92 35.95 35.68
*Cyclopropane
30
reduces the W value of nitrogen about .7%, while the addition
of 20% SF
6 
to nitrogen increases its W value by .55% which
means when larger concentration SF
6 
is present some unknown
processes are competing with the transfer of energy from one
gas to the other, causing a decrease in ionization.
Even though all the W values are given to four signi-
ficant figures, this does not imply the accuracy of this
work. The W values are within +.2% and the accuracy of the
percent concentrations is +1%. However in the case of small
concentrations, below 6%, the accuracy of the percent concen-
trations is not better than +20%.
Figure 12 represents a summary of W values versus pressure
for some chosen mixtures. The rapid increase in W values at
pressures below 400 torr is due to the fact that not all the
energy of the alpha particles is deposited in the gas, and at
these pressures the range of the alpha particles is much
larger than the distance between parallel plates of the
ionization chamber. For pressures from 400 torr to 1000 torr
mixtures with only nitrogen and an impurity gas show no
pressure dependence. On the contrary, the presence of SF6 in
the mixtures causes a great deal of change in W value and the
W value increases nearly linearly with pressure. It should be
pointed out that except in the case of 5% SF6 plus 95% N2
which was done at +6000 volts, all the measurements were made
at +5000 volts. Saturation was achieved for these results






























Figure 12: W value versus pressure for mixtures of propylene, acetylene,


































1000 36.43 36.91 38.20 35.10 37.36 35.68 37.82 35.48
900 36.40 26.70 37.62 35.17 36.74 35.68 37.18 35.55
300 36.40 36.57 37.14 35.24 36.23 35.65 36.70 35.55
700 36.40 36.43 36.77 35.24 35.85 35.65 36.26 35.55
600 36.40 36.33 36.50 35.24 35.55 35.65 35.95 35.55
500 36.36 36.26 36.33 35.24 35.34 35.65 35.78 35.55
400 36.60 36.43 36.23 35.44 35.17 35.85 35.65 35.75
300 42.52 42.45 38.36 41.33 36.87 41.97 37.76 41.60
200 71.84 69.36 55.78
*At 6000 volts.
V. Analysis of Data
For so called "rogular gases" where the primary gas is
assumed to have no contribution to the ionization of an
impurity gas (no Jesse effect), it has been shown
18 
that a
formula can be written for the W value of the mixture, Wm,




1 1 el 1_ --)Z.. +






WistheWvalueofthemixture,W.and W. are the W valuesm 
1 3
of the purity and the impurity gases respectively, Pi and P.
are their respective partial pressures, and A.. is an
13





of the gases. It is convenient to replace A.. with
13
so that Equation (4) can be written in the form
where
and










1 ( 8 )
which is yet another constant determined empirically. From
Equation (6), it is obvious that if the assumption about the
34




be a straight line.
UsingEquation(6), ,..,aluesofZ'..were determined from
'3
measurementsofW.and W.. Values of the F.. were then
1 3 11
calculated using Eguaticn (7) and the partial pressures of
the gases. The values of F are listed in Tables 7 - 12.
It can be seen that the values of F.. for the SF6 
mi.:,:tures
13
deviate by large amounts at very low and at very high
concentration of impurities, indicating that the gases were
not "regular gases" and that non-linear energy transfer
processes were taking place. An average value of F.. was13
computed usina the data points where the non-regular behavior
of the gases was a minimum and this value was used to compute




was then plotted as a function of these values
of Z.. for each of the aas mixtures and the data is shown in
13
Figures 13-18. The straight line on each graph is drawn
between W values of 100% purity and 100% impurity. With
mixtures of impurities and nitrogen only, slight deviations
from a straight line are observed in mixtures of propane,
ethylene, and cyclopropane. Somewhat smaller deviatior ir
observed in propylene. The ionization potentials of
ethylene, propylene, and cyclopropane lie below the energy
available in the (C3- u), 
state of nitrogen, while the
ionization potentials of the acetylene and ethane lie above




































9 27.99 0.03 3.18 0.03 28.44 0.82 1.24 0.60 28.16 0.05 1.94 0.04
4 28.33 0.07 3.22 0.07 28.98 0.14 1.52 0.12 28.61 0.11 2.11 0.09
7/3 28.74 0.12 3.20 0.12 29.56 0.21 1.30 0.18 29.01 0.15 2.39 0.14
3/2 29.18 0.17 3.30 0.17 30.10 0.27 1.85 0.26 29.49 0.21 2.54 0.20
1 23.80 0.24 3.20 0.24 30.78 0.34 1.95 0.35 30.04 0.27 2.69 0.27
2/3 30.48 0.31 3.30 0.31 31.53 0.42 2.10 0.44 30.72 0.35 2.79 0.36
3/7 31.36 0.41 3.30 0.42 32.38 0.52 2.20 0.55 31.50 0.44 2.98 0.47
1/4 32.62 0.55 3.20 0.55 33.44 0.63 2.34 0.68 32.59 0.57 3.08 0.60
1/9 34.18 0.73 3.40 0.73 34.73 0.77 2.65 0.83 34.01 0.73 3.35 0.77
8/92 34.56 0.77 3.40 0.78 35.04 0.81 2.75 0.86 34.39 0.77 3.38 0.81
6/94 34.97 0.82 3.50 0.83 35.38 0.84 2.89 0.89 34.76 0.82 3.54 0.86
4/96 35.44 0.87 3.60 0.88 35.72 0.88 3.23 0.93 35.17 0.86 3.82 0.90
2/98 35.95 0.93 3.90 0.94 36.09 0.92 4.14 0.96 35.68 0.92 4.17 0.95































9 27.28 0.02 5.18 0.02 28.27 0.12 0.80 0.04 27.86 0.08 1.21 0.03
4 27.52 0.05 5.16 0.05 28.57 0.15 1.38 0.09 28.13 0.11 1.96 0.07
7/3 27.79 0.08 5.32 0.08 28.95 0.19 1.80 0.15 28.37 0.14 2.65 0.11
3/2 28.16 0.11 5.21 0.11 29.32 0.23 2.30 0.21 28.67 0.17 3.22 0.17
1 28.64 0.16 5.10 0.16 29.80 0.29 2.41 0.29 29.12 0.22 3.55 0.23
2/3 29.22 0.23 5.17 0.22 30.41 0.34 2.90 0.38 29.63 0.27 3.96 0.31
3/7 30.00 0.31 5.27 0.31 31.19 0.42 3.18 0.49 30.38 0.36 4.23 0.41
1/4 31.14 0.43 5.38 0.43 32.28 0.53 3.48 0.62 31.43 0.47 4.53 0.54
1/9 32.93 0.61 5.65 0.63 33.76 0.69 4.06 0.78 33.06 0.64 4.97 0.73
8/92 33.40 0.66 5.82 0.69 33.98 0.71 4.70 0.82 33.50 0.69 5.12 0.77
6/94 33.91 0.72 6.17 0.75 34.32 0.74 5.37 0.86 33.98 0.74 5.40 0.82
4/96 34.56 0.79 6.55 0.82 34.73 0.79 6.50 0.91 34.56 0.81 5.80 0.83
2/93 35.38 0.87 7.20 0.90 35.31 0.85 8.87 0.95 35.24 0.88 6.70 0.94
F =
13ii




































9 26.80 0.03 3.63 0.03 27.14 0.06 1.68 0.05 26.94 0.05 2.38 0.04
4 27.14 0.06 3.70 0.06 27.69 0.12 1.91 0.10 27.38 0.09 2.55 0.08
7/3 27.59 0.11 3.54 0.11 28.23 0.17 2.12 0.15 27.86 0.14 2.68 0.13
3/2 28.06 0.15 3.65 0.16 28.84 0.23 2.27 0.22 28.37 0.19 2.85 0.19
1 28.71 0.22 3.57 0.29 29.56 0.30 2.37 0.30 28.95 0.25 3.02 0.25
2/3 29.49 0.30 3.57 0.29 30.38 0.38 2.48 0.39 29.69 0.32 3.14 0.34
3/7 30.44 0.39 3.65 0.39 31.40 0.48 2.57 0.50 30.68 0.42 3.17 0.44
1/4 31.74 0.52 3.71 0.52 32.65 0.60 2.70 0.63 31.94 0.55 3.25 0.58
1/9 33.61 0.70 3.78 0.71 34.25 0.75 2.96 0.79 33.67 0.73 3.38 0.75
8/92 34.08 0.75 3.82 0.76 34.59 0.79 3.14 0.83 34.12 0.77 3.38 0.80
6/94 34.59 0.80 3.89 0.81 35.04 0.83 3.23 0.87 34.56 0.82 3.50 0.84
4/96 35.17 0.86 3.96 0.87 35.48 0.87 3.53 0.91 35.04 0.87 1.71 0.89
2/98 35.82 0.92 4.10 0.93 35.99 0.92 4.18 0.95 35.61 0.92 4.03 0.94
1/99 36.23 0.95 5.80 0.98 35.92 0.96 4.62 0.97




































9 28.16 0.03 3.47 0.03 28.54 0.07 1.41 0.05 28.30 0.05 2.18 0.04
4 28.47 0.07 3.50 0.06 29.05 0.13 1.67 0.10 28.71 0.10 2.33 0.08
7/3 28.84 0.11 3.50 0.11 29.52 0.18 1.91 0.16 29.12 0.15 2.52 0.13
3/2 29.25 0.16 3.60 0.16 30.07 0.24 2.06 0.23 29.59 0.20 2.65 0.19
1 29.80 0.22 3.56 0.22 30.68 0.31 2.19 0.31 30.10 0.26 2.83 0.26
2/3 30.44 0.29 3.62 0.29 31.36 0.39 2.35 0.40 30.72 0.33 2.99 0.35
3/7 31.26 0.39 3.70 0.39 32.21 0.48 2.48 0.51 31.53 0.43 3.10 0.45
1/4 32.38 0.52 3.76 0.52 33.23 0.60 2.67 0.64 32.55 0.55 3.27 0.58
1/9 33.88 0.69 4.09 0.71 34.49 0.74 3.15 0.80 33.91 0.71 3.66 0.76
8/92 34.25 0.73 4.25 0.76 34.73 0.77 3.48 0.84 34.25 0.75 3.80 0.80
6/94 34.70 0.78 4.37 0.81 35.10 0.81 3.69 0.88 34.66 0.80 3.93 0.85
4/96 35.17 0.84 4.71 0.87 35.48 0.85 4.17 0.92 35.07 0.85 4.30 0.89
2/98 35.75 0.90 5.30 0.93 35.39 0.90 5.57 0.96 35.58 0.91 4.97 0.94































9 26.50 0.03 3.59 0.02 27.26 0.10 0.97 0.04 26.91 0.07 1.68 0.03
4 26.67 0.05 4.75 0.05 27.69 0.14 1.52 0.09 27.21 0.10 2.24 0.07
7/3 26.97 0.07 5.69 0.08 28.06 0.18 2.00 0.14 27.55 0.13 2.78 0.11
3/2 27.35 0.11 5.39 0.12 28.50 0.22 2.40 0.20 27.93 0.17 3.23 0.16
1 27.86 0.16 5.25 0.17 29.05 0.27 2.71 0.27 28.37 0.21 3.67 0.23
2/3 28.50 0.22 5.30 0.23 29.69 0.33 3.05 0.36 28.99 0.28 3.95 0.31
3/7 29.39 0.31 5.19 0.32 30.61 0.42 3.27 0.47 29.63 0.30 4.19 0.41
1/4 30.68 0.43 5.30 0.44 31.36 0.49 4.21 0.60 31.02 0.47 4.42 0.54
1/9 32.72 0.63 5.30 0.64 33.64 0.70 3.82 0.77 32.99 0.67 4.46 0.73
8/92 33.30 0.68 5.41 0.69 34.08 0.74 3.96 0.81 33.47 0.72 4.57 0.77
6/94 33.96 0.75 5.17 0.76 34.59 0.79 4.12 0.86 34.08 0.78 4.53 0.82
4/96 34.70 0.82 5.28 0.83 35.17 0.85 4.36 0.90 34.70 0.84 4.66 0.88
2/98 35.51 0.90 5.39 0.91 35.82 0.91 4.80 0.95 35.48 0.91 4.64 0.94
1/99 35.99 0.94 5.94 0.95 36.19 0.94 6.04 0.97 35.92 0.96 4.48 0.97
































9 26.09 0.02 5.84 0.02 26.97 0.10 1.01 0.04 26.74 0.08 1.26 0.03
4 26.36 0.04 5.45 0.05 27.45 0.14 1.50 0.09 27.11 0.12 1.90 0.07
7/3 26.70 0.08 5.24 0.08 27.93 0.19 1.86 0.15 27.42 0.15 2.50 0.12
3/2 27.14 0.12 5.05 0.11 28.40 0.23 2.23 0.21 27.79 0.18 3.01 0.17
1 27.69 0.17 4.95 0.16 29.01 0.29 2.50 0.29 28.27 0.23 3.40 0.24
2/3 28.40 0.23 4.90 0.22 29.63 0.34 2.88 0.33 28.88 0.29 3.75 0.32
3/7 29.30 0.32 5.00 0.31 30.61 0.43 3.06 0.49 29.76 0.37 3.98 0.42
1/4 30.65 0.44 5.00 0.44 31.80 0.54 3.38 0.62 30.99 0.49 4.21 0.56
1/9 32.65 0.63 5.26 0.63 33.54 0.70 3.84 0.78 32.82 0.66 4.60 0.74
8/92 33.16 0.68 5.44 0.69 33.98 0.74 4.01 0.82 33.30 0.71 4.75 0.78
6/94 33.78 0.74 5.60 0.75 34.46 0.79 4.28 0.86 33.84 0.76 4.97 0.83
4/96 34.46 0.30 5.99 0.82 35.04 0.84 4.62 0.91 34.49 0.82 5.22 0.88
2/98 35.31 0.88 6.70 0.90 35.68 0.90 5.61 0.95 35.24 0.89 5.87 0.94
1/99 35.85 0.93 7.45 0.95 36.06 0.93 7.20 0.98 35.68 0.94 6.88 0.97
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Figure 18: W value versus Z. for propylene in mixture of nitrogen and sulfur hexafluoride.
•
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equal to the energy level of the (C - 
u 
) . ^ state of nitrogen.
In the case of acetylene and ethane whose ionization potentials
lie above the  state of nitrogen, very little
deviation from the straight line is observed. One could
conclude from this data that the C
3
state of nitrogen does
contribute to the ionization of impurity atoms whose ioniza-
tion potentials lie below this state of nitroaen.
The presence of SF6 causes much larger deviations from
the straight line and both concentrations of SF6 increase the
ionization appreciably. The effect is the least pronounced
in ethane. Ethane and acetylene show the smallest deviation
and they have the largest ionization potentials. The
mixtures appear to be more sensitive to small concentrations
of SF6 and there is a larger increase in ionization when 5%
SF_ is present.
The pressure dependent data presented in Figure 12 for
mixtures containing SF6 indicate that with increasing
pressure, less energy goes into ionization and more energy is
available for excitation. When this fact is considered with
thc data that indicates that a Jesse effect occurs out of the
N
2t:37u
) state, this observation is consistent with the results
of Chen et al.
15 
where it was found that the intensity of
3371 A light also increased with pressure.
It would appear that besides the contribution of the
(C - ) state of nitrogen, there are other importantu v1=0
processes involving other states above this state. This data
48
15
with that of Willet and Litynski" and Chen et al. supports




state of nitrogen is mainly responsible
for the Jesse effects observed in nitrogen. This study,
however, does not support the idea of this existence of a





of nitrogen. Other mechanisms consistent with the results
presented here and elsewhere need to be checked by further
experimental testing.
VT. SU'1MARY
The results and findings of this work may be summarized
as follows. The ionization of mixtures of nitrogen and
nitrogen-sulfur hexafluoride with an impurity gas has been
measured as a function of concentration and pressure. An
analysis of the data indicates that a Jesse effect occurs
in mixtures of nitrogen with cyclopropane, ethylene, and





state of nitrogen and the Jesse effect with
these gases is greatly enhanced with the addition of SF6.
A Jesse effect is also observed with the impurity gas propane
The ionization potential of propane is almost equal to the
energy level of the C
3
u 
state of nitrogen and the Jesse
effect is also enhanced by the addition of SF6' 
With impurity
gases acetylene and ethane, only a very slight Jesse effect
is observed and little enhancement occurs with the addition
of SF
6' 





state of nitrogen. It is concluded that a Jesse effect




state of nitrogen with impurity gases
whose ionization potentials lie below this state. The
ionization was measured as a function of pressure for mixture:7
of nitrogen with propylene and acetylene and no pressure
dependence was observed. With mixtures of nitrogen and
propylene with sulfur hexafluoride, the W value was found to
50
increase with pressure. The results of this work was used
to check the speculation that the increase in light intensity
observed in a nitrogen laser to which SF6 has been added is
due to a higher lying excited state of nitrogen. No
conclusive proof of such a state was found in this study,
however, more measurements need to be made with other gases
with ionization potentials between 11.6 eV and 13.0 eV.
The results of this study does contribute to the understanding
of this perplexing problem and has suggested further experi-
mentation to be undertaken.
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